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(54) Electronic control unit calibration 

(57) An electronic control unit (ECU) (1 02) includes 
a microcontroller (1 04), a first non-volatile memory bank 
(222), a second non-volatile memory bank (220) and a 
volatile memory (110). The microcontroller (104) is cou- 
pled to an external tool (150) and executes a control al- 
gorithm, which controls a subsystem (160) coupled to 
the ECU (1 02). The first non-volatile memory bank (222) 



Is coupled to the microcontroller (1 04) and initially stores 
a plurality of initial calibration tables. The second non- 
volatile memory bank (220) and the volatile memory 
(1 1 0) are also coupled to the microcontroller (1 04). The 
microcontroller (104) executes code, which calibrates 
the ECU (1 02) without Interrupting the nomrial operation 
of the subsystem (160). 
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Description 

Technical Field 

[0001] The present Invention Is generally directed to s 
an electronic control unit (ECU), and nnore specifically 
to the calibration of an ECU. 

Background of the Invention 

10 

[0002] Various generic control algorithms have been 
developed for use with automotive electronic control 
units (ECUS), within various automotive subsystems. 
For example, generic control algorithms have been de- 
veloped for a variety of engine control units, power-train is 
control units and antilock braking system (ABS) units, 
to name a few. Because these control algorithms are 
generic, the calibration constants must be calibrated for 
each particular application (e.g., to achieve a different 
performance level from the same engine provided in 20 
multiple motor vehicle models). These calibration con- 
stants have typically been stored in calibration tables 
within a non-volatile memory of each ECU. During de- 
velopment, these calibration constants have nonnally 
been modified by closed-loop computer equipment or 25 
by vehicle system engineers, known as calibration en- 
gineers, via an external tool (e.g. a PC coupled to the 
microcontroller), in an attempt to detemnine ideal values 
for the calibration constants. These ideal values have 
typically been detemiined by modifying one or more of 30 
the calibration constants while monitoring the overall ef- 
fect on the perfonnance of the particular automotive 
subsystem. 

[0003] Traditionally, a number of approaches have 
been utilized to facilitate calibration of electronic control 35 
units (ECUS). These approaches have included: using 
a read-only memory (ROM) emulation device to store 
calibration constants external to the ECU; integrating a 
calibration emulation device, which stores calibration 
constants, internal to the ECU; and overlaying a non- 40 
volatile memory with a volatile memory (e.g., random 
access memory (RAM)), where the non-volatile memory 
permanently stores calibration constants and the vola- 
tile memory typically contains calibration constants that 
may be modified and both memories are internal to a 45 
microcontroller of the ECU. 

[0004] However, these approaches have certain 
shortcomings. For example, providing a ROM emulation 
device external to the ECU requires a development ECU 
.design that includes a robust test connector for provid- so 
ing access to a parallel data bus of a development mi- 
crocontroller (so that the microcontroller can access the 
calibration constants stored in the ROM) in the external 
tool. One disadvantage of this approach is that the test 
connector generally requires a large area of the devel- 55 
opment ECU substrate and the design and production 
of the emulation device can be fairty expensive. 
[0005] I n an effort to reduce the cost associated with 
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the extemal calibration emulation device, calibration 
emulation memory, which has normally been accessed 
via a serial bus, was placed internal to the development 
ECU. However, providing the calibration emulation 
memory internal to the ECU has generally required a 
development microcontroller design with additional 
memory (as compared to the production microcontroller 
design), which requires additional ECU substrate and 
additional microcontroller chip select resources. 
[0006] In a further effort to reduce the internal memory 
requirements of the development microcontroller, de- 
signers have utilized internal volatile memory (i.e., 
RAM) to overlay internal non-volatile memory, such that 
calibration constants loaded into the internal volatile 
memory from the internal non-volatile memory could be 
modified through the use of an external tool. However, 
implementing overiay RAM internal to the microcontrol- 
ler has also generally required additional internal micro- 
controller RAM to support glue logic such that the RAM 
can overlay a*certain area of non-volatile (e.g., flash) 
memory. Further, the additional internal RAM has typi- 
cally been difficult to manipulate with external tools and, 
because the internal RAM Is typically smalt in size and 
volatile, all calibration data has been required to be up- 
loaded to an extemal tool before being reprogrammed 
into the internal non-volatile memory of the ECU. 
[0007] This reprogramming activity may corrupt valu- 
able infonnation, such as 'block learn', i.e., Information 
that has been learned, and other data stored within the 
ECU memories. The data cormption is attributable to the 
fact that programming a non-volatile memory has gen- 
erally required that a sector be erased, before new data 
can be programmed to the sector. Further, when the 
non-volatile memory was being reprogrammed, these 
ECUS could not control their associated automotive sub- 
systems while reprogramming. Reprogramming times, 
when using a serial external tool, can typically range 
from five to twenty minutes. 

[0008] An altemative to uploading the modified cali- 
bration constants to the extemal tool, for reprogramming 
into the non-volatile memory of the ECU, is to create a 
power supply device that constantly provides power to 
an internal volatile memory that contains the calibration 
constants. Howeverthis approach can increase standby 
current drawn by the ECU, which may be unacceptable. 
As a result of the above considerations, the cost of a 
typical development ECU has been considerably great- 
er than the cost of a production ECU. 
[0009] Thus, what is needed is an electronic control 
unit (ECU) whose calibration constants can be updated 
in a relatively short time period, without intenrupting the 
normal operation of the ECU. Further, it is desirable to 
provide a production ECU that can also serve as a de- 
velopment ECU. 

Summary of the Invention 

[0010] The present invention is directed to the calibra- 
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tlon of an electronic control unit (ECU) that includes a 
microcontroller, a first non-volatile memory bank, a sec- 
ond non-volatile memory bank and a volatile memory. 
During calibration, the microcontroller is coupled to an 
external tool that allows a user to modify calibration con- s 
stants that the microcontroller uses to control a subsys- 
tem coupled to the ECU. The first non-volatile memory 
bank Is coupled to the microcontroller and initially stores 
a plurality of initial calibration tables. The second non- 
volatile memory bank and the volatile memory are also 10 
coupled to the microcontroller The microcontroller exe- 
cutes code, which causes the microcontroller to perfomn 
a number of steps. 

[0011] Initially, the microcontroller loads a plurality of 
initial calibration tables into the second non-volatile ^5 
memory bank. Next, the microcontroller receives an in- 
dication as to which of the calibration tables loaded in 
the second non-volatile memory bank are to be modi- 
fied. Based upon the received indication, the microcon- 
troller loads at least one of the calibration tables into the 20 
volatile memory. Then, the microcontroller replaces an 
existing calibration constant, located within one of the 
calibration tables, loaded in the volatile memory. The mi- 
crocontroller then executes a control algorithm utilizing 
the calibration tables, including any replacement call- 25 
bration constant, loaded in the volatile memory, when 
required for a particular calibration routine. 
[0012] Next, the microcontroller receives an indica- 
tion that the calibration tables currently loaded into the 
volatile memory are to be loaded into the second non- 30 
volatile memory bank. During the process, the micro- 
controller executes the control algorithm utilizing the cal- 
ibration tables loaded into the first non-volatile memory 
bank, until the calibration tables in the volatile memory 
are loaded into the second non-volatile memory bank. 35 
[001 3] These and other features, advantages and ob- 
jects of the present Invention will be further understood 
and appreciated by those skilled in the art by reference 
to the following specification, claims and appended 
drawings. 40 

Brief Description of the Drawings 

[0014] The present Invention will now be described, 
by way of example, with reference to the accompanying 
drawings, in which: 

FIG. 1 is a block diagram of a production electronic 
control unit (ECU) communicating with an external 
tool, according to an embodiment of the present in- so 
vention; 

FIG. 2 is a diagram of a production ECU memory 
map implementing a volatile memory overiay of a 
portion of a dual-bank non-volatile memory, accord- 
ing to an embodiment of the present invention; and 55 
FIG. 3 Is a diagram further illustrating the commu- 
nication between an external tool and a production 
ECU memory map, according to an embodiment of 



490 A2 




the present invention. 

Description of the Prefenred Embodiments 

[001 5] According to an embodiment of the present in- 
vention, a working copy of a calibration data set is main- 
tained in a working calibration area (e.g., a second non- 
volatile memory bank) of a non-volatile memory, which 
is located within an electronic control unit (ECU). This 
configuration obviates the need for transferring the cal- 
ibration data set to an external tool (e.g., a personal 
computer (PC)) when a user of the external tool desires 
to penmanently modify a calibration constant of one of 
the calibration tables of the calibration data set. Accord- 
ing to the present invention, a volatile memory (e.g., a 
random access memory (RAM)), which is generally lo- 
cated within the microcontroller, is utilized to overiay a 
portion of the working calibration area such that the 
transfer of calibration constants between the overiay 
RAM and the working calibration area take place at the 
bus speed of the microcontroller. Further, transfers be- 
tween the working calibration area and the reference 
calibration area (e.g., a first non-volatile memory bank) 
also take place at the bus speed of the microcontroller. 
This typically allows all tool functions to be realized in 
milliseconds without Interruption of the ECU calibration 
process. 

[0016] The present invention allows for calibration of 
the production ECU without impacting the ECU sub- 
strate design with additional memory devices, since the 
preferred memory device (i.e., a dual-bank flash mem- 
ory) is utilized as the non-volatile memory of the produc- 
tion ECU. An ECU, according to the present invention, 
can readily be calibrated with an external tool since the 
ECU calibration process is not interrupted and calibra- 
tion constants are transferred between memories inter- 
nal to the ECU. 

[0017] In a prefenred embodiment, a RAM overiay is 
utilized in combination with a dual-bank flash memory 
device that has two separate banks (e.g., one and one- 
half megabyte and five-hundred twelve kilobytes) and a 
small sector size (e.g., eight to sixty-four kilobytes), 
which effectively allows the entire calibration area to be 
emulated. Since the calibration constants are stored 
within a working calibration area of the dual-bank flash 
memory, they are pemnanently stored within non-volatile 
memory and are not lost when power is removed from 
the ECU. Advantageously, the dual-bank flash memory 
does not require any modification to the ECU power sup- 
ply and has essentially no impact on the ECU standby 
cun^ent. Further, the modified calibration constants, lo- 
cated within the RAM overiay, can be stored within the 
working calibration area while the control algorithms are 
executed using calibration constants from a reference 
calibration area. As such, the ECU can continue to per- 
fomri nonmal control functions while the working calibra- 
tion area is being reprogrammed, typically in millisec- 
onds, which makes the changes to the calibration con- 
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stants virtually transparent to a user of an external tool. 
[0018] Referring to Fig. 1 , a production electronic con- 
trol unit (ECU) 1 02 is shown communicating with an ex- 
ternal tool 150 and controlling a subsystem (e.g., an en- 
gine) 160 of a motor vehicle, according to an embodi- s 
ment of the present invention. The external tool 150, e. 
g., a PC, executes a calibration application and is cou- 
pled, via a serial link 112, to a serial port 1 06 of a micro- 
controller 104 of the ECU 102. The microcontroller 1 04 
Includes a non-volatile memory 1 08 and a volatile mem- io 
ory 110. Preferably, the non-volatile memory 108 is a 
dual-bank flash memory. Dual-bank flash memory de- 
vices are manufactured and made commercially avail- 
able by a variety of companies, e.g., Advanced Micro 
Devices. ^5 
However, it will be appreciated that the non-volatile 
memory 108 can be implemented as two separate non- 
volatile (e.g., flash) memories and may exist external to 
the microcontroller 1 04. The volatile memory 1 1 0 is pref- 
erably a static random access memory (SRAM) whose 20 
size is application specific. The memory 110 is utilized, 
in part, to provide an overlay of a portion of the non- 
volatile memory 1 08, such that the calibration constants 
loaded into the volatile memory 110 can be modified, by 
a user of the external tool 1 50. When the calibration con- 25 
stants have been modified to provide a desired opera- 
tion of the subsystem 1 60 coupled to the ECU 1 02, the 
calibration constants are stored in the non-volatile mem- 
ory 108. 

[001 9] Fig. 2 illustrates a memory map of a portion of 30 
the memory of the production ECU 1 02 depicting a dual- 
bank flash memory 202, system RAM 262 and a RAM 
overlay 266, according to an embodiment of the present 
Invention. In the following discussion, time estimates are 
based on a typical calibration bank size of ninety-six kil- 35 
obytes, a sector size of eight kilobytes and a flash pro- 
gramming time of three-hundred milliseconds for a thir- 
ty-two kilobyte section. In a typical application, the cal- 
ibration process is initiated when the extemal tool 1 50 
requests, via the serial port 1 06, that the contents of a 40 
reference calibration area 204 be copied 201 to a work- 
ing calibration area 206 and that upon completion of the 
task, the microcontroller 1 04 fetch a specific calibration 
table or tables from the working calibration area 206. 
[0020] As depicted, the microcontroller 1 04 causes a 45 
selected calibration table (i.e., calibration table #1 ) to be 
loaded 203 into the RAM overlay 266. Since the external 
tool 160 simply initiates a process within the microcon- 
troller 104, the relatively slow serial link 112, between 
the external tool 1 50 and the microcontroller 1 04, is not so 
Involved In the actual programming or reprogramming 
of the working memory bank 220. In the preferred em- 
bodiment, the flash device 202 has two separate mem- 
ory banks: the working memory bank 220 and a refer- 
ence memory bank 222. This allows the working mem- ss 
ory bank 220 to be reprogrammed in the background 
while information (i.e., algorithms and calibration con- 
stants) in the main flash sector 210, of the reference 
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memory bank 222, is accessed to run nonnal control al- 
gorithms. As previously discussed, instead of taking five 
to twenty minutes to accomplish the reprogramming 
task, the task can typically be achieved in approximately 
nine-hundred milliseconds. 

[0021] In a prefen-ed embodiment, a user selects a 
particular calibration table or tables to manipulate from 
a menu displayed on the tool 1 50. In response to a user 
selection, the tool 150 requests that a calibration table 
or tables be copied into the RAM overlay 266, which Is 
initially located at a neutral address location. The task 
of copying a calibration table, from the working memory 
bank 220 to the RAM overlay 266, can typically occur in 
approximately eight-hundred microseconds, which var- 
ies depending on the size of the selected calibration ta- 
bles. Next, the tool 150 enables the RAM overlay 266 
by requesting that the RAM overlay 266 be moved over 
a desired portion of the working memory bank 220. 
[0022] According to the present Invention, the micro- 
controller 104 Includes additional chip select logic that 
automatically disables the overlay ed portion of the work- 
ing memory bank 220, when the RAM overlay 266 is 
accessed. Then, the user, operating the toot 1 50, chang- 
es the calibration constant values 205 in the RAM over- 
lay 266, while monitoring the calibration variable values 
in system RAM 262. The user can then select new cal- 
ibration tables to be modified, which can cause the cal- 
ibration tables that are cun'ently within the RAM overlay 
266 to be copied from the RAM overlay 266 to the work- 
ing memory bank 220. 

[0023] When the microcontroller 1 04 detects a power- 
down state or when a selected calibration table is locat- 
ed outside of the portion of the working memory bank 
220 that is currently overlayed, the RAM overlay 266 is 
positioned to a neutral area. Next, the microcontroller 
104 switches back to fetching data from the reference 
memory bank 222, while the contents of the RAM over- 
lay 266 are transferred 207 into an appropriate portion 
of the working memory bank 220, which typically takes 
around seventy-five milliseconds. When the interruption 
is not caused by a power-down detection state, then 
new calibration tables are copied to the RAM overlay 
266 and the RAM overlay 266 is then positioned over a 
new portion of the working memory bank 220. Next, at 
the direction of the user of the tool 150, the microcon- 
troller 1 04 fetches various calibration tables, if available, 
from the portion of the RAM overlay 266 . When the user 
has completed the calibration process, the final calibra- 
tion constants are programmed 209 into the reference 
memory bank 222 or uploaded to the tool 150, via the 
serial link 112. As previously discussed, because a non- 
volatile memory is utilized, the ECU does not have to 
supply power to maintain the contents of the overlay 
RAM 266 during standby conditions. 
[0024] Fig. 3 further illustrates the communication be- 
tween the external tool 150 and the memory subsystem 
of a production ECU 1 02, according to an embodiment 
of the present invention. Communication between the 
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tool 150 and the ECU 1 02, preferably, utilizes a control- 
ler area network (CAN) calibration protocol (CCP), 
which is facilitated by a CAN device driver 268. Prefer- 
ably, two serial bus messages (i.e., 
GET„RAM_OVERLAY and SET.RAM^OVERLAY) are 5 
implemented to achieve calibration, according to the 
present invention. The GET_RAM_OVERLAY message 
originates from the tool 150, which uses the function to 
detemnine the status of any or all overlays when the cur- 
rent state is not known. Using the io 
SET_RAM_OVERLAY message, the calibration tool di- 
rects the microcontroller 1 04 to copy data from the work- 
ing memory bank 220 to the RAM overlay 266, set the 
base address of the RAM overlay 266 and enable/disa- 
ble the RAM overlay 266. The RAM overlay subroutines 
264, which implement the GET_RAM_OVERLAY and 
SET_RAM_OVERLAY functions advantageously allow 
the user of the tool 1 50 to calibrate the ECU 1 02 without 
any knowledge of how the internal ECU 102 calibration 
is being perfonned. 20 
[0025] Accordingly, an automotive production elec- 
tronic control unit (ECU), that can also serve as an au- 
tomotive development ECU, has been described. The 
calibration constants of the production ECU can advan- 
tageously be updated in a relatively short time period, 25 
without interrupting the normal operation of the ECU. 
[0026] The above description is considered that of the 
prefen-ed embodiments only. Modifications of the inven- 
tion will occur to those skilled in the art and to those who 
make or use the invention. Therefore, it is understood 30 
that the embodiments shown in the drawings and de- 
scribed above are merely for illustrative purposes and 
not intended to limit the scope of the invention, which is 
defined by the following claims as interpreted according 
to the principles of patent law, including the Doctrine of 35 
Equivalents. 



Claims 

40 

1. A method of calibrating an electronic control unit 
(ECU), comprising the steps of: 

providing a control algorithm for controlling a 
microcontroller (1 04) of an ECU (1 02), the mi- 45 
crocontrolier (104) including a port (106) for 
coupling the microcontroller (104) to an exter- 
nal tool (1 50), the microcontroller (1 04) execut- 
ing a control algorithm which controls a subsys- 
tem (1 60) coupled to the ECU (1 02); so 
loading a plurality of initial calibration tables Into 
a first non-volatile memory bank (222); 
loading the plurality of Initial calibration tables 
Into a second non-volatile memory bank (220); 
receiving an Indication from the external tool ss 
(1 50) as to which of the calibration tables load- 
ed in the second non-volatile memory bank 
(220) are to be modified; 
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loading the indicated calibration tables into a 
volatile memory (110); 

receiving a replacement calibration constant 
from the external tool (150), the replacement 
calibration constant replacing an existing cali- 
bration constant located within one of the cali- 
bration tables in the volatile memory (110); 
executing the control algorithm utilizing the re- 
placement calibration constant and the calibra- 
tion tables In the volatile memory (1 1 0) that are 
required for a particular calibration routine; 
receiving an indication that the calibration ta- 
bles cun-ently In the volatile memory (110) are 
to be loaded into the second non-volatile mem- 
ory bank (220); and 

executing the control algorithm utilizing the cal- 
ibration tables in the first non-volatile memory 
bank (222) until the calibration tables in the vol- 
atile memory (110) are loaded into the second 
non-volatile memory bank (220). 

2. The method of claim 1 , wherein the step of receiving 
an Indication that the calibration tables currently in 
the volatile memory (110) are to be loaded Into the 
second non-volatile memory bank (220) is provided 
In response to the receipt of a power-down request. 

3. The method of claim 1 , wherein the volatile memory 
(1 1 0) provides a memory overlay (266) for a portion 
of the second non-volatile memory bank (220). 

4. The method of claim 3, wherein the step of receiving 
an Indication that the calibration tables currently in 
the volatile memory (110) are to be loaded into the 
second non-volatile memory bank (220) is provided 
in response to a determination that a desired table 
In the second non-volatile memory bank (220) can- 
not be accessed through the memory overlay (266). 

5. The method of claim 1 , wherein the volatile memory 
(1 1 0) is a static random access memory and the first 
and second non-volatile memory banks (222). (220) 
are located within a dual-bank flash memory (202). 

6. The method of claim 1 , wherein the step of loading 
the plurality of initial calibration tables into the sec- 
ond non-volatile memory bank (220) occurs at ini- 
tialization. 

7. The method of claim 1 , wherein the volatile memory 
(1 1 0) Is a static random access memory and the first 
and second non-volatile memory banks (222), (220) 
are located within separate flash memories. 

8. An electronic control unit (ECU) (1 02), comprising: 

a microcontroller (1 04) Including a port (1 06) for 
coupling the microcontroller (104) to an exter- 
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nal tool (150), the microcontroller (104) execut- 
ing a control algorithm which controls a subsys- 
tem (1 60) coupled to the ECU (102); 
a first non-volatile memory bank (222) coupled 
to the microcontroller (1 04), the first non-vola- s 
tile memory bank (222) initially storing a plural* 
ity of initial calibration tables; 
a second non-volatile memory bank (220) cou- 
pled to the microcontroller (104); 
a volatile memory (110) coupled to the micro- io 
controller (104); and 

microcontroller executable code for causing the 
microcontroller (104) to perfomn the steps of: 

loading the plurality of initial calibration ta- is 
bles into the second non-volatile memory 
bank (220); 

receiving an indication as to which of the 

calibration tables loaded in the second 
non-volatile memory bank (220) are to be 20 
modified; 

loading at least one of the calibration tables 
into the volatile memory (1 1 0) according to 
the received indication; 

receiving a replacement calibration con- 25 
stantto replace an existing calibration con- 
stant located within one of the calibration 
tables in the volatile memory (110); 
executing the control algorithm utilizing the 
replacement calibration constant and the 30 
calibration tables in the volatile memory 
(110) when required for a particular calibra- 
tion routine; 

receiving an indication that the calibration 
tables currently in the volatile memory 35 
(11 0) are to be loaded into the second non- 
volatile memory bank (220); and 
executing the control algorithm utilizing the 
calibration tables In the first non-volatile 
memory bank (222) until the calibration ta- 40 
bles in the volatile memory (110) are load- 
ed into the second non-volatile memory 
bank (220). 

9. The electronic control unit (1 02) of claim 8, wherein ^5 
the step of receiving an indication that the calibra- 
tion tables currently in the volatile memory (1 1 0) are 

to be loaded into the second non-volatile memory 
bank (220) is provided in response to the receipt of 
a power-down request. so 

10. The electronic control unit (1 02) of claim 8, wherein 
the volatile memory (110) provides a memory over- 
lay (266) for a portion of the second non-volatile 
memory bank (220). ss 

11 . The electronic control unit (1 02) of claim 1 0, where- 
in the step of receiving an indication that the cali- 
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bration tables cunrently in the volatile memory (110) 
are to be loaded into the second non-volatile mem- 
ory bank (220) is provided in response to a deter- 
mination that a desired calibration table in the sec- 
ond non-volatile memory bank (220) cannot be ac- 
cessed through the memory overlay (266). 

12. The electronic control unit (102) of claim 8, wherein 
the volatile memory (1 1 0) is a static random access 
memory and the first and second non-volatile mem- 
ory banks (222), (220) are located within a dual- 
bank flash memory (202). 

1 3. The electronic control unit (1 02) of claim 8, wherein 
the step of loading the plurality of initial calibration 
tables Into the second non-volatile memory bank 
(220) occurs at initialization. 

14. The electronic control unit (1 02) of claim 8, wherein 
the volatile memory (1 1 0) is a static random access 
memory and the first and second non-volatile mem- 
ory banks (222), (220) are located within separate 
flash memories. 

15. A microcontroller (1 04), comprising: 

a port (1 06) for coupling the microcontroller 
(104) to an external tool (150), the microcon- 
troller (1 04) executing a control algorithm which 
controls a subsystem (160) coupled to the mi- 
crocontroller (104); 

a first non-volatile memory bank (222) coupled 
to the microcontroller (104), the first non-vola- 
tile memory bank (222) initially storing a plural- 
ity of Initial calibration tables; 
a second non-volatile memory bank (220) cou- 
pled to the microcontroller (1 04); 
a volatile memory (110) coupled to the micro- 
controller (104); and 

microcontroller executablecodeforcausing the 
microcontroller (104) to perfomn the steps of: 

loading the plurality of initial calibration ta- 
bles into the second non-volatile memory 
bank (220); 

receiving an indication as to which of the 
calibration tables loaded in the second 
non-volatile memory bank (220) are to be 
modified; 

loading at least one of the calibration tables 
into the volatile memory (11 0) according to 
the received indication; 
receiving a replacement calibration cori- 
stant to replace an existing calibration con- 
stant located within one of the calibration 
tables in the volatile memory (110); 
executing the control algorithm utilizing the 
replacement calibration constant and the 
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ca!ib ration tables in the volatile memory 
(110) when required for a particular calibra- 
tion routine; 

receiving an indication that the calibration 
tables currently in the volatile memory s 
(110) are to be loaded into the second non- 
volatile memory bank (220); and 
executing the control algorithm utilizing the 
calibration tables in the first non-volatile 
memory bank (222) until the calibration ta- io 
bles in the volatile memory (110) are load- 
ed into the second non-volatile memory 
bank (220). 



16. The microcontroller (104) of claim 15, wherein the is 
step of receiving an indication that the calibration 
tables currently in the volatile memory (110) are to 

be loaded into the second non-volatile memory 
bank (220) is provided in response to the receipt of 
a power-down request. 20 

17. The microcontroller (104) of claim 15, wherein the 
volatile memory (110) provides a memory overlay 
(266) for a portion of the second non-volatile mem- 
ory bank (220). 25 

18. The microcontroller (104) of claim 17, wherein the 
step of receiving an indication that the calibration 
tables currently in the volatile memory (110) are to 

be loaded into the second non-volatile memory so 
bank (220) is provided in response to a detennina- 
tion that a desired calibration table in the second 
non-volatile memory bank (220) cannot be ac- 
cessed through the memory overlay (266). 

35 

19. The microcontroller (104) of claim 15, wherein the 
volatile memory is a static random access memory 
(SRAM) and the first and second non-volatile mem- 
ory banks (222), (220) are located within a dual- 
bank flash memory (202). 40 

20. The microcontroller (104) of claim 15, wherein the 
step of loading the plurality of initial calibration ta- 
bles into the second non -volatile memory bank 
(220) occurs at initialization. 45 

21. The microcontroller (110) of claim 15, wherein the 
volatile memory (110) is a static random access 
memory and the first and second non-volatile mem- 
ory banks (222), (220) are located within separate so 
flash memories. 
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